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Conjugate (Solid/Fluid) Computational Fluid Dynamics 
Analysis of the Space Shuttle Solid Rocket Motor 
Nozzle/Case and Case Field Joints 


D. Doran, NASA/MSFC , L. W. Keeton, P. J. Dionne, 
and A. K. Singhal, CFD Research Corporation 


This work describes three-dimensional, conjugate 
(solid/fluid) heat transfer analyses of new designs of the 
Solid Rocket Motor (SRM) nozzle/case and case field joints. 

The main focus of the study has been to predict the 
consequences of multiple "rips" (or debonds) in the ambient 
cure adhesive packed between the nozzle/case joint surfaces 
and the bond line between the mating field joint surfaces.' 
The models calculate the transient temperature responses of 
the various materials neighboring postulated f low/leakpaths 
into, past and out from the nozzle/case primary 0-ring cavity 
and case field capture 0-ring cavity. These results were 
used to assess if the design was failsafe (i.e. no potential 
0-ring erosion) and reusable (i.e. no excessive steel 
temperatures ) . 

The models are adaptions and extensions of the general 
purpose PHOENICS fluid dynamics code. 

A non-orthogonal coordinate system was employed and 11,592 
control cells for the nozzle/case and 20,088 for the case 
field joints are used with non-uniform distribution. 

Physical properties of both fluid and solids are temperature 
dependent . 

A number of parametric studies were run for both joints with 
results showing temperature limits for reuse for the steel 
case on the nozzle joint being exceeded while the steel case 
temperatures for the field joint were not. 0-ring 
temperatures for the nozzle joint predicted erosion while for 
the field joint they did not. 
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SUMMARY OF MAXIMUM TEMPERATURES FOR 
NOZZLE/CASE JOINT MODEL 
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and improve average material properties 9. Model regrided to provide two insulation gap width capability 

3. Material properties computed as function of temperature 10 . Y grid sensitivity. Number of insulation cells increased 

4. Same as Run 15 but with number of time steps doubled 11. K-Epsilon turbulence model 

5. One-half of values listed input to model due to symmetry 12 . Y grid sensitivity. Number of fluid cells increased by factor of 2 

6. 2 X nominal number of grid nodes in Z direction 13. Calculation of O-ring wall temperature corrected 
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SUMMARY OF MAXIMUM TEMPERATURES 
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NOTE: FOR ALL CASES G2 = 0.0264”, AND G3 = 0.0241 
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PROBABILITY OF TWO LEAKPATHS OCCURING IS ONE IN ONE-THOUSAND 
SO DESIGN MEETS FAIL-SAFE AND REUSEABILITY CONDITIONS. 




